Background: Arrhythmia occurring during and after surgery is one of the major complications in open-heart surgery. Dexmedetomidine is an intravenous alpha-2 agonist and very specific short-acting drug to protect the various organs against ischemic injuries and blood reflow. However, the effect of dexmedetomidine for preventing intraoperative heart arrhythmias has not been recognized. Objective: This study aimed to determine the effect of dexmedetomidine on the incidence rate of heart arrhythmias and anesthetic required in off-pump coronary artery bypass surgery. Methods: This randomized clinical trial was conducted on patients who were candidates for off-pump coronary artery bypass referring to Imam Reza Hospital of Mashhad, Iran, from July 2016 through January 2017. The patients were randomly assigned to two groups of intervention (infusion of 0.5 mcg/kg/h dexmedetomidine together with induction followed by infusion of 0.5 mcg/kg/h by the end of the surgery) or control (saline infusion). Mean arterial pressure (MAP) and heart rate (HR) were measured before induction, during surgery operation and ICU admission. Data were analyzed by SPSS version 18 using Chi Square and independentsamples t-test. Results: A total of 76 patients with a mean age of 59.8 ± 8.2 years (in two groups of 38) were studied. The two groups had no statistically significant difference in terms of background variables. The MAP and HR values before induction, during surgery and ICU admission were significantly higher in the control group than in the intervention group (p=0.001). Out of the studied arrhythmias, the values of PAC (55.2% vs. 15.7%), PVC (81.5% vs. 21.0%), AF (26.3% vs. 7.8%), VTAC (21.0% vs. 2.6%) were significantly lower in dexmedetomidine group (p=0.001). Conclusion: It seems that dexmedetomidine administration during induction and surgery can cause significant reduction in most of the common arrhythmias in off-pump coronary bypass surgery. The use of dexmedetomidine maintains MAP and HR at significantly lower values, and changes compared to the control group as well as reduces the need for anesthetic compounds.
Introduction
In recent years, the consequences of cardiac surgery have been remarkably improved by means of advances in techniques for anesthesia, cardiac surgery, postoperative care and use of the cardiopulmonary bypass (1). However, the incidence rate of cardiac arrhythmia (15-50%) is still one of the common complications following coronary artery bypass graft (1, 2) . In addition, intraoperative hemodynamic disorders, caused by changes in plasma levels of epinephrine and norepinephrine after surgical stimulation, are some of the challenges for patients undergoing CABG surgery (3) . Hemodynamic disruption causes imbalance in myocardial oxygen supply and demand, and eventually leads to myocardial ischemia, resulting in increased incidence of cardiovascular events and mortality (3) . Studies have also indicated that the incidence of arrhythmias during surgery is associated with increased healthcare costs and prolonged hospitalization and higher mortality (1, 4, 5) . Although many preventive strategies have been proposed to impede heart arrhythmias and hemodynamic disorders during CABG, there are still no novel suggested compounds that could strictly and routinely be used in the health care system. Dexmedetomidine is a very specific intravenously and short-acting alpha-2 agonist which theoretically reduces the sympathetic output by decreasing serum levels of norepinephrine, and results in reduction of the incidence of tachycardia, inflammation, high blood pressure, delirium, anxiety and the need for analgesics during and after surgery (6, 7) . Numerous clinical trials have still not accurately determined whether the use of dexmedetomidine could prevent the occurrence of common heart arrhythmias during CABG or not (1, (8) (9) (10) (11) . A recently published meta-analysis reported the dexmedetomidine as an effective compound for controlling atrial fibrillation, but its use, based on observations, is associated with hypotension (1) . However, in the same study, conducting further studies was suggested due to the low number of clinical trials conducted on the effect of dexmedetomidine on the clinical outcome for CABG surgery. Therefore, this study aimed to determine the effect of intraoperative administration of dexmedetomidine on incidence rate of cardiac arrhythmia and hemodynamic monitoring, as well as the need for anesthetic and analgesic requirements during off-pump cardiopulmonary bypass surgery.
Material and Methods

Study design and setting
This randomized and blinded clinical trial was conducted on patients undergoing CABG referred to the cardiac surgery ward at Imam Reza Hospital of Mashhad in Iran from June 2016 to January 2017.
Participants
Inclusion criteria were the patients undergoing off-pump CABG surgery, ASA class II and III, age range of 30 to 85 years and ventricular ejection fraction (EF) of more than 35%. Exclusion criteria included history of heart arrhythmias or block, history of previous cardiac surgery, valvular heart disease and large left atrium or cardiomegaly. The CONSORT diagram is illustrated in Figure 1. 
Sampling
Sample size for each group was estimated at least 33 subjects (a total of 66 patients) using the equation for comparing two proportions and considering α=5%, β=20%, Z1-α/2=1.96, P1=80% and P2=49%. Simple random sampling method was used to select samples. Patients were allocated into two groups with a simple randomization method.
Interventions
The patients were randomly assigned to either the control or the intervention group using a sealed envelope. In both groups, anesthesia induction was performed by 0.5 mg/Kg of midazolam, 10 mcg/kg of Sufentanil, 0.5 mg/kg of atracurium and 1.5 mg/kg of propofol. The intervention group received 0.5 mcg/kg/h of dexmedetomidine at the time of induction and then infusion of 0.5 mcg/kg/h of dexmedetomidine by the end of the surgery and the transfer to the cardiac intensive care unit (CICU). Normal saline was used instead of dexmedetomidine in the control group with the same procedure. The cardiovascular control and Bispectral Index (to maintain BIS = 40-60) were monitored in both of the groups. Anesthesia was maintained by 50 mcg /kg/min of propofol, sufentanil and midazolam with regard to anesthetic depth (to maintain of BIS = 40-60) and MAP controlling (to maintain of 90>MAP>60 mmHg). If the MAP were decreased more than 30% during the surgery, initially liquid therapy then dexmedetomidine infusion would be reduced up to half, and the inotrope dobutamine or epinephrine would be infused. Upon the level of MAP being reached to the pre-reduction level, dexmedetomidine infusion was returned to baseline level. If the level of MAP were elevated more than 30%, nitroglycerin infusion would be used; types and amounts of used drugs were recorded. 
Data Collection
Information such as gender, age, weight, known cardiovascular risk factors and a history of chronic disease were noted for the patients before the surgery, using a checklist. Then the ventricular ejection fraction was reported using echocardiography performed by a cardiologist of the heart surgery ward (same person) and the levels of platelets, hemoglobin and INR recorded in preoperative tests was recorded for the patients in the checklist. General anesthesia was performed in accordance with the above-mentioned standard protocols; intervention type for each patient was acted by a cardiac anesthesia fellowship based on the sealed envelope. All patients underwent off-pump CABG surgery by an experienced associate professor of cardiovascular surgery. Data of the checklist were completed during the surgery by a cardiac anesthesia fellowship that was unaware of the other phases of the research.
Hemodynamic changes and arrhythmia
Mean arterial pressure (MAP) and heart rate (HR) were recorded before induction of anesthesia, during laryngoscopy and sternotomy, 30 minutes after induction, during handling of the distal grafts and proximal grafts, during sternal closure and ICU admission. The MAP and HR were measured using Saadat monitoring devices (Saadat CO., Iran) and maintain BIS between 40 and 60. Immediately after induction of anesthesia, the reduction in MAP over 30% was treated by 5 mg of intravenous ephedrine and liquid therapy and the reduction in HR less than 50 was treated by 0.5 mg of atropine; the medications used were recorded in the checklist of each patient. In addition, the incidence of arrhythmias such as bradycardia, asystole, PAC, PVC, AF, flutter, VTAC, first, second or third-degree blocks were recorded from the start of induction to ICU admission. Furthermore, taking status of medications including Esmolol, labetalol, propanol, lidocaine, amiodarone, TNG, Dobutamine, dopamine, epinephrine, norepinephrine, propofol, sufentanil and midazolam for the management of the hemodynamic or arrhythmic disorders as well as the use of synchronized and unsynchronized shocks or balloon pump were inserted in the checklist.
Outcomes
The first outcome was to compare the incidence rate of each type of cardiac arrhythmia between the two groups. The second assessed outcome was comparison of the MAP and HR between two groups. The third outcome was the number of anesthetic drugs and narcotics and inotropes used during surgery.
Statistical analysis
Data were reported as mean ± standard deviation for continuous variables and also as statistics and percentages for categorical variables. In data analysis, initially the normality of the data was assessed by a one-sample Kolmogorov-Smirnov test modified by Lilliefors, and appropriate statistical test was determined. Repeated measures test was used to compare changing trends of hemodynamic parameters. Chi square test was applied to assess the frequency of arrhythmias between the two groups and independent-samples t-test to compare MAP, HR and the amount of need for drug between both groups. Data were analyzed using SPSS version 18 (SPSS Inc. Chicago, Illinois, USA).
Ethics
Each patient voluntary signed the informed consent form after full explanation on study design and objectives. This research project was approved by the Ethics Committee of Mashhad University of Medical Sciences, Iran (Research ethic code: IR.MUMS.fm.REC.1394.704). In case of incidence of any complication related to research, the patients were fully supported by the researchers. The present study has been registered at the Iranian Registry of Clinical Trials (www.IRCT.IR) with a code of IRCT2016072413159N9 before starting the study.
Results
Baseline characteristics
A total of 76 patients were enrolled in the study. There was no excluded patient; so the study was conducted on 76 patients with a mean age of 59.8±8.2 years. In this study, 38 patients were allocated in the control group and 38 patients in dexmedetomidine group. There was no statistically significant difference between the two groups in terms of age, gender, weight, history of chronic disease and cardiovascular risk factors, echocardiographic left ventricular ejection fraction, as well as basic hematological tests together (Table 1) .
Operative findings
In addition, there was no statistically significant difference between the two groups in terms of surgery duration and the number and type of grafts. Among the findings during surgery, as the average number of received packed cell units in the control group was significantly higher than the dexmedetomidine group; however, no difference was observed between the numbers of received unit in other blood products (Table 2 ).
Mean arterial pressure and heart rate
The MAP value in the patients of the control group was significantly greater than that of the dexmedetomidine group at all evaluated time points before induction, during sternotomy, 30 minutes after induction, during distal anastomosis, during closure of sternum and ICU admission, except for during proximal anastomosis ( Table 3) . The least recorded MAP in both control and dexmedetomidine groups was associated with proximal anastomosis time, respectively 59.2±6.0 and 64.1±9.8 mmHg. The highest recorded MAP in the two groups was before induction (control =116.8±16.0 versus dexmedetomidine =98.8±19.6). The HR in patients in the control group was statistically significantly higher than the dexmedetomidine group at all studied time points of before induction, during sternotomy, 30 minutes after induction, during distal and proximal anastomosis, during closure of sternum, and ICU addmition ( Table 3 ). The minimum recorded HR was in the control group during distal anastomosis time (84.0±9.6 bpm) and in the dexmedetomidine group at 30 minutes after induction (65.5±11.3 beats per min) ( Table  3) .
Intraoperative arrhythmias
The most commonly observed intraoperative arrhythmia was PVC (51.3%), and then PAC, and AF had the highest incidence rates, 35.5% and 17.1% respectively. Asystole, atrial flutter, first-degree block and third-degree block were not observed in any of the examined patients. The incidence rate of PAC, PVC, AF and VTAC arrhythmias in the dexmedetomidine group was significantly lower than in the control group (Table 4 ). In 13 patients of the control group versus 2 patients in the intervention group, the changes were observed in ST wave (in ascending or descending order). No cardiac arrest or myocardial infarction was observed in any of the patients between the two groups.
Pharmaceutical and non-pharmaceutical interventions of antiarrhythmics and hemodynamic controller
The results indicated that the dosage of propofol, sufentanil and midazolam in the control group was significantly higher compared to the intervention group. Also, administration of TNG, dopamine, epinephrine, lidocaine and esmolol was significantly more used in the control group. There was no statistically significant difference between the two groups in terms of other antiarrhythmics treatment actions and hemodynamic controller (Table 5) . 
Discussion
In the present study, the effect of dexmedetomidine was investigated on the prevention of heart arrhythmias and the results demonstrated that the incidence rate of PAC, PVC, VTAC and AF heart arrhythmias was significantly lower in the intervention group with dexmedetomidine during CABG surgery. Dexmedetomidine is an alpha-2 adrenergic receptor agonist which induces soothing, anti-anxiety and pain effects without reduction in respiratory ventilation (5, 9, 55), and is increasingly used for patients undergoing cardiac surgery in order for sedation of patients (5) . The present study indicated that the use of dexmedetomidine during surgery in more than 90% of cases prevents the incidence of atrial fibrillation, while one of every three patients in the control group had atrial fibrillation. Liu et al., in a similar study (8) , found that the use of dexmedetomidine decreases the AF incidence up to approximately 18%. In the study by Ren (29) , the atrial fibrillation cases in the control group were 5 times more than in the dexmedetomidine group. A small retrospective study (32) reported that the patients who received CABG dexmedetomidine were in a lower risk of atrial fibrillation occurrence of new cases compared to similar patients who had not received any medication, confirming the results of the present study. On the other hand, the results of the meta-analysis of six studies (4, 28, 29, 31, 56 and 57) showed no significant correlations between administration of dexmedetomidine and the incidence level of atrial fibrillation, which does not go along with our results. Possible reasons will be examined further. In the other arrhythmias shown in the present study, the incidence rate of PAC, PVC, VTAC and AF heart arrhythmias was significantly lower in the group treated by dexmedetomidine. Geng et al., in the meta-analysis (1) has shown that the use of dexmedetomidine reduced one-third of the incidence of VTAC among patients undergoing CABG. In addition, other studies (53, 54) such as the study of Ren et al (29) reported a similar effect of dexmedetomidine on the prevention of heart arrhythmias incidence. In the study of Ren (29), the frequency of ventricular tachycardia in the control group was significantly higher than in the dexmedetomidine group. Regarding the effectiveness of dexmedetomidine compared to other analgesics or placebo in reducing the risk of ventricular tachycardia, it seems that dexmedetomidine may be useful for patients with high heart rate, or in the case of some medical procedures leading to tachycardia as endotracheal intubation. However, there are some studies, inconsistent with the results, that have not indicated a good efficacy of dexmedetomidine on reducing the incidence rate of other heart arrhythmias, except for atrial fibrillation (53). Potential reasons for the contrary results could be due to the fact that each of the arrhythmia in different studies might have not been evaluated as primary outcome, definition of arrhythmias may not be explicit and identical among the different studies, the patients have been examined at different times to detect postoperative arrhythmias, the type of surgery, the surgeon capabilities, and different kinds of drugs used (4, 31, 56, 57), as well as the patients with preoperative arrhythmia had not been excluded in many of these studies (29, 31). It would be addressed as to how dexmedetomidine can prevent heart arrhythmias; but first, the factors that could potentially be involved in the prevention of postoperative arrhythmia should be noted. Dexmedetomidine can reduce the myocardial ischemia-reperfusion injury and improve the cardiac muscle perfusion in patients after heart surgery (4, 5, 9, 31, 56, 57). In addition, the inflammatory response caused by bypass surgery may change the electrophysiology and structure of the atrium layers and lead to increased sensitivity to atrial fibrillation (58). In addition; it is involved in increased hardening of muscles caused by stimulating the development of atrial fibrillation after surgery (58). Dexmedetomidine can reduce catecholamines (43) and prevent arrhythmia-causing effects of epinephrine (59). Moreover, it increases the vagus nerve activity and leads to changes in calcium flow through the membrane of heart muscle cells, which in turn prolongs the duration of repolarization and causes effective refractory period (40). Given the multiple combined effects of organ protection, anti-inflammatory features, sympatholytic effects (inhibiting the sympathetic effects) and parasympathomimetic effects (which simulate the effects of parasympathetic), it is not surprising that with the use of dexmedetomidine during the initial period after heart surgery could be effective in preventing the arrhythmia. However, given the proper effectiveness of dexmedetomidine to control some of the arrhythmias especially atrial fibrillation, as a relatively common postoperative problem, it seems that prescription of dexmedetomidine at least would not be useless in controlling the arrhythmia, due to the lack of its irreparable side effects. The occurrence of atrial fibrillation is associated with significant anomalies such as increased risk of heart attacks, mortality after surgery, laparoscopic surgery and a considerable increase in costs of disease treatment (2, 30, 60, 61) .
The most common side effects of dexmedetomidine reported so far are bradycardia and hypotension, which are caused by innate effects of this drug as agonists of alpha-2 receptor (27, 62) . In the present study, the patients who received dexmedetomidine had lower mean arterial blood pressure and heart rate than the control group at different times, but the interpretation of these findings is valuable if we consider how to control the blood pressure and heart rate in both groups; this is an issue that has not been well studied in other investigations. In our project, various medicinal compounds such as beta-blockers, drugs affecting alpha and beta-adrenergic receptors, inotropic and so on, were used to monitor the hemodynamic status of patients. Based on the findings, the medicinal use of Esmolol, lidocaine, TNG, Dobutamine, propofol, sufentanil and midazolam in the control group was significantly higher compared to the dexmedetomidine group; this means that the hemodynamic changes and the need for anesthetic and analgesic agents due to depth of anesthesia during surgery (to maintain BIS of = 40-60) were lower in the dexmedetomidine group. In addition, specialists have used fewer drug combinations to achieve the hemodynamics and more stable ascents. This finding has not been noted to this detail in other studies and is one of the strengths of our study. However, the lower blood pressure in the dexmedetomidine group was also modified immediately after intravenously injecting the fluids or modifying the speed of vessel constrictor drugs, anesthetics, analgesics, and the need for stopping the study was not required. On the other hand, the results of meta-analysis of seven studies (1) in which dexmedetomidine had been compared with placebo or other analgesics have not shown any differences in the incidence of low blood pressure. However, in the present study, blood pressure and primary heart rate of patients in the dexmedetomidine group were lower than in the control group and the continuing trend of blood pressure reduction cannot be definitively attributed to the use of dexmedetomidine. The results of the present study indicated that the use of dexmedetomidine causes more reduction in heart rate, which goes along with the combined results of the five studies (4, 28, 29, 31, 53, 57) . These studies demonstrated that the use of dexmedetomidine increases the risk of bradycardia up to approximately two times. However, the results obtained from these studies, besides the ones of our study, suggest that dexmedetomidine has a definite relationship with bradycardia and possible association with reduction in blood pressure. Therefore, necessary cautions for using this drug should be considered for patients with diseases related to cardiac output, such as patients with low ventricular output fraction (less than 30%), heart block and patients at the acute shock phase, because in some cases, stopped sinuses function has been reported during the use of dexmedetomidine (63, 64). Previous studies have demonstrated that dexmedetomidine has a biphasic effect on the cardiovascular system. One of the possible reasons for incidence of bradycardia followed by administration of dexmedetomidine, could be the direct activation of postsynaptic α2B-receptors in vascular smooth muscle followed by the initial bolus injection causing vasoconstriction (7) . The reason for relationship between dexmedetomidine and high incidence of low blood pressure could be due to the vessel expansion resulting from sympatholysis (inhibition of sympathetic performance) after continuous infusion of intravenous dexmedetomidine (63). It could reduce the sympathetic outflow and activation of presynaptic α2 A-receptors, which in turn, reduces the release of norepinephrine (1).
Limitations
The patients participating in the study were younger than in those who were used in other studies (mean age of about 60 years compared with almost 65 years) (33, 65). Therefore, further studies are needed to investigate the effects of dexmedetomidine in the prevention of heart arrhythmias in elderly patients; mainly due to the higher incidence of heart arrhythmias in this groups of patients. Moreover, in terms of sample size, our study is placed among those with average sample size. Numerous randomized controlled clinical studies have been conducted so far to determine the effects of dexmedetomidine on the prevention of arrhythmias and hemodynamic changes in heart surgery patients, in which 28 subjects (54) have been studied in the smallest research and 306 patients in the largest one (28) . It seems that further studies in a larger sample size are needed.
Conclusions
Based on the results obtained, the use of dexmedetomidine during induction and maintenance of anesthesia can prevent the occurrence of further arrhythmias of PAC, PVC, VTAC and AF. Moreover, the mean arterial blood pressure and heart rate at different studied intervals were lower in the patients administered by dexmedetomidine compared to the control group. Our results also showed that dexmedetomidine significantly reduces the amount of anesthetic compounds. However, due to the absence of consensus among the different studies on the positive effects of dexmedetomidine in the control of some of the most common cardiac arrhythmias including AF, it is recommended that further randomized controlled studies in larger sample sizes and higher quality be performed in order to confirm the effects of dexmedetomidine in cardiac surgery.
